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57 ABSTRACT 

A zoom lens, for use in a telescope at infra-red wave 
lengths or single wavelength visible light, provides a 
magnification which may be adjusted to either of two 
predetermined values. The lens comprises a pair (14) of 
similar elements (15, 16) fixed relative to one another 
and each having an aspheric convex surface with the 
aspheric surfaces of the pair of elements outermost. The 
pair of elements (14) is located between the two image 
planes formed in the telescope and is movable between 
two conjugate positions. 

9 Claims, 1 Drawing Sheet 
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ZOOM LENS 

Zoom lenses are commonly used in conjunction with 
other optical elements to provide variable magnification 
at, for example, infra-red optical wavelengths. If used 
with an appropriate objective and an eyepiece, a tele 
scope is formed. Zoom lenses tend to be fairly complex, 
commonly requiring four or more elements, one or 
more of which may be movable. Such a lens has the 
disadvantage of cost and weight. 

It is an object of the invention to provide a simple 
Zoom lens for use at infra-red wavelengths and for 
monochromatic light within the visible spectrum. 

According to the present invention there is provided 
a zoom lens for use in a telescope and providing a mag 
nification which is adjustable to either of two predeter 
mined values and comprising a pair of positive lens 
elements fixed relative to one another and each having 
an aspheric surface, the pair of lens elements being 
locatable between the two image planes formed in the 
telescope and being movable between two conjugate 
positions of said image planes. 
The invention will now be described with reference 

to the accompanying drawings, in which: 
FIG. 1 is a schematic diagram of a simple form of a 

telescope incorporating the invention; and 
FIG. 2 is a sectional view of one element of the zoom 

lens. 
Referring now to FIG. 1, in its simplest form, a tele 

scope consists of an eyepiece lens 10 and an objective 
lens 11 arranged on a common optical axis 12. Between 
the image plane of the objective lens 11, shown sche 
matically at 13, and the eyepiece lens 10 is located a pair 
of elements forming the zoom lens assembly 14, also on 
the optical axis 12. The assembly 14 comprises a pair of 
similar lens elements 15 and 16 each having one convex 
surface and one concave surface. The two concave 
surfaces face one another and the two convex surfaces 
are outermost. The two convex surfaces are aspheric as 
will be described later. 
The lens elements 15 and 16 are mounted on a car 

riage, shown schematically at 17, which is movable 
parallel to the optical axis 12 along a track or guide 18 
between two conjugate positions, shown in full and 
broken outline respectively. In either position, the zoom 
lens forms an image of the objective image at 13 in a 
second image plane 19. The carriage 17 is movable by 
means such as a motor 110 driving a lead-screw 111. 
Fine adjustment of the position of the carriage 17 is used 
for focusing purposes. 
As state above, the outermost surfaces of lens ele 

ments 15 and 16 are aspheric. FIG. 2 shows a section 
through the center of one of the lens elements. The 
shape of the outer surface 22 along a radius from the 
optical axis 12 is defined by the distance Z from the lens 
surface to a tangent 20, related to radial distance y from 
the optical axis. The relationship may be expressed as 
the series: 

--- Z 1 + 1 - (1 + k)cy) + ay' + asy + ... 

where c=base curvature (= 1/base radius of curvature) 
and k = conic constant 
For example, 0<k <-1 denotes an ellipsoid. 
As will be seen from FIG. 2, the aspheric surface 22 

is formed by reducing the dimension Z over its value for 
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2 
the base spherical surface shown at 21. This reduces the 
spherical aberration which would otherwise be induced 
by the steeply curved surface. The concave or inner 
surface of the lens element may be spherical. 

Because the described zoom lens is intended for use at 
infra-red wavelengths, normal optical glass materials 
are not suitable. Germanium is commonly used for 
wavelengths between 8 and 12 um. Other materials are 
or may become, suitable for use at these and other 
wavelengths between 1 and 14 um. In the visible spec 
trum, the zoom lens of the present invention is suitable 
only for use with monochromatic light. 
The arrangement for moving the zoom lens have not 

been described in detail as many different arrangements 
may be used. The zoom lens is not usable at positions 
intermediate the conjugate positions to give continuous 
ly-variable magnification. Whilst the range of magnifi 
cation depends upon many factors, the majority of these 
affect the overall dimensions of the telescope with 
which the zoom lens is used. A range of at least 4:1 is 
possible with the zoom lens described. 
As the lens is made of Germanium, variation of focus 

with wavelength is very small in the 8-12 um range and 
it is not necessary to provide any form of color correc 
tion such as would be necessary for the visible spec 
trun. 

It will be appreciated that the lens elements 15 and 16 
need only be positive elements. Thus, plano-convex or 
other positive elements could be used. Concavo-convex 
elements such as the elements 15, 16 have advantages of 
lesser weight and lesser aberrations than other forms of 
positive lens elements and hence are preferred. 

In particular, the air gap between the two concave 
surfaces acts as a "negative air lens' which, as is well 
known, allows correction of field curvature in the man 
ner of a Double Gauss Lens. However, the Double 
Gauss Lens normally requires between 4 and 8 elements 
when designed for use at multiple wavelengths within 
the visible and near-infrared regions of the spectrum, 
using glass elements. 
As already stated the main advantages of the zoom 

lens forming the subject of the invention are the savings 
in weight and cost over those of known zoom lens ar 
rangements. In addition, optical losses are also reduced. 
We claim: 
1. A zoom lens for use in an infra-red telescope and 

providing a magnification which is adjustable to either 
of two predetermined values and comprising a pair of 
positive lens elements fixed relative to one another and 
each having an aspheric surface, the pair of lens ele 
ments being locatable between the two image planes 
formed in the telescope and being movable between 
two conjugate positions. 

2. A lens as claimed in claim 1 wherein the lens ele 
ments are arranged with the aspheric surfaces outer 

OSt. 

3. A lens as claimed in claim 1 wherein the positive 
lens elements are concavo-convex elements with the 
concave surfaces facing. 

4. A lens as claimed in claim 1 in which the innermost 
surfaces of the pair of lens elements are spherical. 

65 
5. A lens as claimed in claim 1 wherein the positive 

lens elements are identical. 
6. A lens as claimed in claim 1 in which the lens 

elements are made of a material transmissive of radia 
tion in the range from 1 to 14 m. 
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8. A lens as claimed in claim 7 in which the material 
7. A lens as claimed in claim 6 in which the lens is germanium. 

9. A lens as claimed in claim 1 in which the pair of 
elements are made of a material transmissive of radia- lens elements are mounted on a carriage for movement 

5 parallel to the optical axis of the telescope. 
tion in the range from 8 to 12 um. k Ek k sk 
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